Day-to-day and within-specimen variation
INTRODUCTION
Oesophagostomum bifurcum is considered a common nematode of monkeys (Weinberg, 1908) . In northern Togo and Ghana, however, it is highly prevalent among humans and a cause of significant morbidity (Polderman et al., 1991) . Encapsulated immature worms of O. bifurcum may cause tumour-like nodules leading to intestinal occlusion and abcedation (Gigase et ai, 1987; Polderman et al, 1995) .
Diagnosis of Oesophagostomum in-
fections is hampered by the fact that the morphology of O. bifurcum eggs is identical to the eggs of hookworm (Blotkamp et al., 1993) , which is also highly endemic in the same region. Therefore, diagnosis based on egg identification, i.e. thick smears, will not be parasite-specific. Only after coproculture of eggs for a week, during which the larvae will hatch, is it possible to reliably differentiate the two parasites using characteristic morphological features present in the infective larvae (Little, 1981; Blotkamp et al., 1993) . The likelihood of detecting an infection depends on the number and size of faecal samples examined, the intensity of infection and the daily eggoutput of the worm (Hall, 1982) .
Larval counts (as well as egg-counts) of O. bifurcum showed a good correlation with observed worm burdens (Krepel et al., 1992) , and therefore allow a semi-quantitative estimation of the intensity of infection (Krepel etal., 1995) .
In several other helminth infections, such as hookworm and Schistosoma mansoni infections, significant dayto-day variation of egg output have been carefully documented (Hall, 1981; Anderson & Schad, 1985; Polderman et al., 1985; Engels, Sinzinkayo & Gryseels, 1996) . In addition, the distribution of eggs in stools may be heterogeneous, such that different specimens taken from the same stool sample result in different estimates of the intensity of infection (Hall, 1981; Anderson & Schad, 1985; Engels et al., 1997; Yu et al., 1998) . Low level infections may even remain undetected if only one stool examination is done (Barreto et al, 1978; Polderman, 1979; Gryseels, Nkylikyinka & Engels, 1991) . Anderson & Schad (1985) pointed out that as a result of this within-specimen variability and dayto-day fluctuation, egg-output should be interpreted in a qualitative way, and does not reliably reflect worm burden.
The aim of this study was to determine the sensitivity of the coproculture method for specific O. bifurcum and hookworm diagnosis and to assess to what extent the withinspecimen and day-to-day variation influence reliability of diagnosis and determination of infection intensity.
MATERIAL AND METHODS

Study population
To determine day-to-day fluctuation, Day-to-day and within-specimen variation
Statistical analysis
For the calculation of the sensitivity, the prevalence after 10 coprocultures is used as gold standard (i.e. if at least one coproculture was positive the person was considered infected).
The sensitivity of the coproculturemethod within a specimen was cal- The coprocultures made from each stool of these 25 children over 7 days contained all hookworm larvae. 
Fig. 2. Scattergrams of the variances and mean larval count in coprocultures made from 7 different stools from each individual with O. bifurcum (a) and hookworm (b), and in 10 coprocultures from one stool specimen (c and d). (--) variance = mean, which would represent a homogeneous distribution of larval-counts; (-) best fitting linear regression line (log variance = b x log mean + a).
Day-to-day and within-specimen variation
The geometric means of the coefficients of variation were 77% and 62% for O. bifurcum and hookworm, respectively. If using coprocultures as the basic tool for diagnosis, differences in efficacy of the eggs and larvae to grow into infective larvae will be a source of variation in the number of larvae found. In addition, day-to-day variation in faeces composition and egg production, clustering of eggs in the stool sample, and differences in volume examined, will obscure a proper estimation of the prevalence and intensity of infection (Anderson & Schad, 1985; Hall, 1981; Engels et al., 1996) .
coafficianl of variation coefficient of
Fig. 3. Cumulative frequency of the dayto-day coefficient of variation (thick line) and the within-specimen coefficient of variation (thin line) for O. bifurcum (a) and hookworm (b). According to Kolmogorov-Smirnov 's two samples test there is no significant differ
To achieve a better understanding of et al., 1978) . Therefore, we considered the worm burden to be constant over a short period of seven days, and this time-span suitable to determine day-to-day variation of egg production.
Both in Oesophagostomum and
hookworm infections, the sensitivity of a single stool duplicate coproculture was of above 90% in comparison to a gold standard of 10 coprocultures made from a single stool.
Obviously, sensitivity depends on intensity of infection. Thus, we can only conclude that prevalence of infection can reliably be determined with a duplicate coproculrure in a village with comparable prevalences and intensity of infection as our study villages.
Determination of the worm burden in intestinal helminths is also obscured by day-to-day and within-specimen variation (Hall, 1981; Anderson & Schad, 1985) . Since hookworms live in the small intestine, and caecum and colon are the principal blenders, a better mixture of egg and faeces could be expected as the faeces stay longer in the intestine (Hoagland et al, 1978; Hall, 1982 ). Yet, poorly et al, 1978; Engels et al, 1996) and for hookworm egg-output (Hall, 1981) .
The daily variation in the faecal bulk (Hall, 1981) can change the concentration of parasite eggs in the stools (Scott, 1938) and thus might influence the number of eggs found (Hall, 1982 (Hall, 1981; Anderson & Schad, 1985) . Therefore, the absence of a 
